The present study aimed to evaluate self-reported fatigue recovery among Japanese nurses who perform shift work and to evaluate how their fatigue was affected by a day off after a night shift.
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Background Nurses work in a dynamic environment [1] , and the risk of accidents increases among nurses who completeconsecutive night shifts [2] . Shift work also contributes to impaired sleep in other occupations, including both high-and low-stress occupations [3] . Among shift workers, social support from supervisors is important [4] , and nurses' performance is affected by their working conditions and level of fatigue [5] , which can be directly related to poor working conditions. For shift workers, life attitudes and practices that do not leave fatigue are important to improve performance.
In Japan, nurses' work uses a two-or three-shift rotation system; the two-shift rotation system has been adopted by 57.4% of Japanese hospitals, although it is associated with increased health risks compared to the three-shift system [6] . To help address this, nurses who perform shift work should receive a day off after a night shift to recover from work-related fatigue [7] . Active and fulfilling non-work activities can promote a healthy lifestyle, reduce stress, and reduce feelings of chronic fatigue [8] . Therefore, it is important to spend days off wisely to recover from night shifts.
Females account for 93% of all Japanese nurses [9] . As a result, it increases that female nurses experience more shift work than the male nurses. Moreover, the female nurses are playing the roles not only of nursing business but the housework in many cases. Furthermore, age, napping time during a night shift, physical activity level, and lifestyle are strongly associated with fatigue during a night shift; however, a comprehensive analysis of these factors, including psychological research, has not been conducted [10] . As such, the present study aimed to evaluate the degree of self-reported fatigue among female. Japanese nurses who performed shift work and to evaluate how their fatigue was affected by a day off after a night shift. This study is intended to contribute to reducing fatigue in female nurses after 16hour night shifts with a two-shift rotation system
Materials and Methods

Participants
We recruited 66 healthy female Japanese nurses from three regional private hospitals in the northern Kyushu area of Japan. The nurses were divided into a recovery group and a non-recovery group based on their self-reported experience of fatigue during the interval from the time before their night shift to after a day off.
Data collection
Between June 2014 and April 2016, we collected data regarding the nurses' demographics (age, family members, age of their youngest child, and commuting time), years of nursing experience, years of experience of working night shifts, lifestyle, and napping time. Selfreported fatigue was measured based on subjective fatigue symptoms, evaluated at six points,before and after day shift, before and after a night shift, and before and after a day off. This was done using the Jikaku-sho Shirabe questionnaire, as recommended by the Working Group for Occupational Fatigue [11] . Responses for each component range from 0 (totally disagree) to 5 (agree strongly), with higher scores indicating worse symptoms. Each subjective symptom (drowsiness, instability, uneasiness, dullness, and eyestrain) is evaluated using five questions, and the maximum possible score for each subjective symptom is 25. Recovery was defined as the individual's score returning to its pre-stressor level (i.e., the effects of the stressor were subjectively reduced), and the critical measurement points for fatigue were defined as the time before the night shift and after a day off. Fatigue was also assessed using the Cumulative Fatigue Symptoms Index, which includes 81 items in eight categories: decreased vitality, general fatigue, physical disorders, irritability, decreased willingness to work, anxiety, depressive feelings, and chronic tiredness [12] .Physical activity levels (steps and energy expenditure (EE) from before night shift to after day off) were examined using a three-dimensional speed sensor. Physical activity levels were measured by Actimaker(EW4800, Panasonic, Japan).
Ethical considerations
The study protocol was approved by the ethics committee of the Japanese Red Cross Kyushu International College of Nursing (Fukuoka, Japan). The purpose and procedures of this study were explained to the directors of each hospital, and all nurses provided their informed consent before participating in the study.
Statistical analysis
Differences between the recovery and non-recovery groups were evaluated using the unpairedt-test for continuous variables (age,age of the youngest child, years of nursing experience, years of experience of working night shifts, commuting time, napping time, sleeping hours,and the Cumulative Fatigue Symptoms Index score). Values were generally reported as mean ± standard deviation. Logistic regression analyses were used to investigate factors that were associated with fatigue after working night shifts.Differences were considered statistically significant at a P-value of <0.05, and all analyses were performed using SPSS software (version 23.0; SPSS Japan, Tokyo, Japan).
Results
Participant characteristics
the non-recovery group, 13nurses(61.9%) had children, eight nurses(38.1%) did not have children, 15 nurses (71.4%) were living with their family, and six nurses (28.6%) were not living with their family. There was no significant difference in the nurses' average ages when we compared the recovery and non-recovery groups (38.2 years vs. 38.1 years, respectively). The recovery group had a relatively young age for the youngest children compared to the non-recovery group (3.4 years vs. 7.9 years, respectively), although this difference was not statistically significant. There were also no significant differences between the recovery and non-recovery groups in theiryears of experience of working night shifts and commuting times. The recovery group exhibited a high degree of fatigue at all six assessment points between their night shift and day off, whereas the non-recovery group exhibited a highdegree of fatigue only at the assessment on a day off.
The recovery group had an average napping time of 55.6 min compared to 85.2 min in the non-recovery group, although this difference was not statistically significant. The two groups also did not exhibit significant differences in the number of sleeping hours for day shifts and night shifts. However, before a night shift, the nonrecovery group exhibited a shorter average sleeping time compared to the recovery group (425.0 min vs. 506.3 min, respectively; P< 0.05). The recovery group also exhibited lower Cumulative Fatigue Symptoms Index scores for anxiety and chronic fatigue compared to the non-recovery group (P< 0.05). The only significant difference in day-off activities between the recovery and non-recovery groups was observed in the number of sleeping hours (P< 0.05) (Table1).
Factors associated with recovery from fatigue among female Japanese night shift nurses
Logistic regression analyses were used to calculate the odds ratios for factors that might be associated with recovery from fatigue among female Japanese nurses (age, years of experience working night shifts, number of children, age of youngest child, commuting time, sleeping hours after a day shift, sleeping hours before a night shift, napping time, sleeping hours after a night shift, sleeping hours during the day off, anxiety score, and general fatigue score). The adjusted odds ratios for fatigue during the night shift among the female Japanese nurses were 1.27 (95% confidence interval: 1.00-1.61) for the age of the youngest child and 1.04 (95% confidence interval: 1.00-1.08) for the nurses' napping time (P<0.05). The age of the youngest child and the nurses'napping time were associated with recovery from fatigue after working night shifts ( Table 2 ).
Discussion
In shift work systems, sufficient sleep hours are needed for nurses who work night shift to ensure good quality of sleep and consequently better services for patients [13] . The present study did not detect significant differences between the recovery and non-recovery groups in terms of age, years of experience of working night shifts, or commuting time. However, the recovery group exhibited high fatigue during the evaluation period, and as the recovery group exhibited changes in their level of fatigue, recovery from fatigue was easily observed. It appears that recovery from fatigue (accumulated between day shifts)can be achieved through appropriate night-time sleeping [14] but is not achieved if sleeping hours are insufficient. Interestingly, the recovery group had more stable times to ensure appropriate sleeping time compared to the non-recovery group during days off and before/after night shifts. For example, the recovery group exhibited longer sleeping time before a night shift. A previous study evaluated participants who completed four consecutive night shifts and then received a day off before returning to day shifts. The study revealed that persons who achieved early fatigue recovery exhibited high-quality night-time sleeping and earlier times going to sleep [15] . Thus, our findings may be related to the nurses in the recovery group being aware of their fatigue, and adjusting their sleep timing and duration accordingly.
The recovery group exhibited higher scores for anxiety and chronic fatigue compared to the non-recovery group. Anxiety can be related to both mental fatigue and general work-related fatigue [16] , and somatic symptoms are useful for evaluating female nurses who perform various tasks and their feelings regarding fatigue; however, their physical condition is a reflection of their emotional condition, and the recovery group usually exhibited greater feelings of fatigue compared to the non-recovery group. Therefore, the recovery group likely experienced significant insecurity and feelings of chronic fatigue. In the logistic regression analyses, the age of the youngest child and the nurses' napping time were associated with recovery from fatigue after a night shift. A younger age for the youngest child (in the recovery group, a mean of 3.4 years) resulted in longer sleeping hours on the day off; these longer sleeping hours are presumed to influence recovery from fatigue. Since the child is young, the female nurses of the recovery group may only be sleeping early together. Thus, a continuous break of at least 60 min is needed to facilitate an appropriate nap after a night shift [17] .
In the present study, the non-recovery group exhibited an average napping time of 85.2 minutes, which was longer than the napping time for the recovery group. However, previous research indicates that nurses who work 16-h night shifts need an average napping time of 2.33 h, which is greater than the 2 h that was allocated to these individuals [18] . Furthermore, as alertness remains suboptimal in the 15 min after awakening, nurses should not perform important tasks during this period as they have a high risk of accidents, even if the individual subjectively believes that they are not sleepy [19] . Therefore, long naps are used to minimize the state of suboptimal alertness, although the decline in post-nap sleepiness during a night shift is not correlated with the feeling of having done a good job [20] .
An older age for the youngest child (in the non-recovery group, a mean of 7.9 years) was associated with poorer fatigue recovery after a night shift, and a previous study found that having preschool children was associated with greater fatigue compared to having school-age children [21] . In this context, mothers of preschool children are expected to perform more housework and have less time for sleeping and social activities, which presumably influences fatigue. However, nurses without children are more likely to experience job turnover [22] , and nurses with children may receive more support from their family. Nevertheless, workers with preschool-aged children need support in adjusting to work and adapting their sleep patterns to their individual conditions [23] . Moreover, these workers may not get sufficient sleep, even on weekends, because of interruptions to sleep caused by their children [24] . Although the length and timing of naps varied widely among the previous studies, 30-40-min nap opportunities have been recommended between 02:00 and 03:00 [25] . Thus, although the effects of child-rearing are not clearly established, the child's age seems to affect the process of recovery from fatigue.
This study had several limitations. First, its limited sample size and small control group are associated with known risks of bias. Second, the continuous wearing of an activity monitor may not have been completed on the days off. Therefore, the activity monitor measurements might not have been consistent. An important point, however, that the study establishes is that to recover from fatigue after shift work, it is necessary to sleep before night shifts and that nurses with small children especially need to take sufficient naps.
Conclusions
In conclusion, the present study revealed that recovery from fatigue after a night shift appears to be affected by the nurses' life activities and circumstances, such as sleeping before a night shift, nap duration, and the age of the youngest child.
